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Spectral hole burning corresponding to a gain reduction of the order of 1 % has been 
observed in GaAs junction lasers. This observation is made possible by the use of the 
strong superradiant amplification of the spontaneous emission along the junction. 
PACS numbers: 42.55.Px 
It is commonly assumed that the carrier transitions in-
volved in the lasing action of a semiconductor laser are ho-
mogeneously broadened. This is based on the supposition 
that the intraband thermalization times of the injected carri-
ers are much faster than the interband radiative recombina-
tion times. A homogenous broadened transition implies 
complete saturation of the gain spectrum at lasing threshold 
and should not produce any spectral hole burning. Ripper et 
alY and Paoljl4 had observed the saturation of the gain 
spectrum in GaAsjunction lasers via saturation of the spon-
taneous emission observed from a mirror facet. Recently, 
Nakamura et al.' reported on the observation of the sponta-
neous emission from the top surface of a laser. They found a 
complete saturation of the spontaneous emission in the las-
ing region. However, they were unable to observe any dip in 
the gain spectrum near the lasing frequency, implying ab-
sence of spectral hole burning. 
In this letter we report the observation of energy hole 
burning in junction lasers. This was obtained using the 
strong amplification of the spontaneous emission along the 
junction by superradiance. Thus, a reduction in the sponta-
neous emission of the order of 1 %, which would be unobser-
vable from the top,' can be amplified by one to two orders of 
magnitude and be easily observed from a mirror face. 
The lasers used in our experiments are stripe-geometry 









FIG. 1. Spectra of laser for various currents near threshold. 
proton bombardment, which does not reach the active re-
gion. The length of the laser is 380 f.1m. Various devices with 
active-region thicknesses varying from 0.2 to 1.2 f.1m were 
tested. The diodes were excited by applying 100-ns-wide cur-
rent pulses at a repetition rate of 1 kHz. Spectrally resolved 
spontaneous emission and the spectra were measured with a 
Spex Double Spectrometer using a setup described previous-
ly.' The use of a double spectrometer is necessary in order to 
measure the spontaneous emission within a few angstrom of 
the lasing line without interference from the latter due to 
scattering inside the spectrometer. 
In Fig. 1 the lasing spectra of diode L-520( 41), (active-
region width 0.6 f.1m) operated at 77 oK for various currents 
near threshold, which is 36 mA, are shown. The light-out-
put-vs-current characteristics in the current region studied 
are linear. The lasing modes peak around 8430 A. 
In Figs. 2 and 3 the behavior of the spontaneous emis-
sion with current at various wavelengths on the high- and 
low-energy side of the lasing wavelength, respectively, are 
shown. The spectral resolution used during thes~ measure-
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FIG. 2. Variation of spontaneous emission with current at different wave-
lengths on the high-energy side of the lasing line. Spectral resolution llsed 
for these measurement is 2.5 A. 
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FIG. 3. Variation of spontaneous emission with current at different wave-
lengths on the low-energy side of the lasing line. Spectral resolution used for 
these measurement is 2.5 A.. 
ments was 2.5 A. It is seen that on the low-energy side of the 
lasing wavelength there is a partial saturation of the sponta-
neous emission, with increasing injection above threshold, as 
has been reported before. 2.4 However, on the high-energy 
side there is a pronounced reduction in the spontaneous 
emission intensity with increasing injection above threshold. 
This reduction continues for injection up to about 10% 
above threshold, and then the spontaneous emission starts to 
increase again with injection. This "dip" in the spontaneous 
emission is seen only for a certain range of photon energy 
near the lasing line, and within this range, the nearer one is 
the lasing line, the more pronounced is the dip. Outside this 
range one just sees the normal saturation behavior of the 
spontaneous emission. 2•4 This laser and its low operating 
temperature selected by us for this letter shows the largest 
energy range observed by us to date, namely, 35 meV, where 
this dip is practically measurable. At room-temperature op-
eration this energy range is considerably smaller, of the or-
der of a few meV. 
Gordon" has analyzed in detail how the amplified light 
intensity I measured outside a laser mirror is related to the 
spontaneous emission S being generated inside the laser cav-
ity through its frequency v, mirror reflectivity R, laser length 
L, and net optical gain G. 
The amplification passes from a maximum to a mini-
mum as the frequency is changed from a frequency corre-
sponding to a cavity resonance to a frequency midway be-
tween two neighboring cavity resonances. Since the spectral 
resolution of 2.5 A used by us covers one full longitudinal 
mode spacing, the amplification seen will be the average over 
the corresponding frequency range. I and S in this case are 
related by [Eq. (36), Ref. 6]. 
l-R 
1= S. 
1 - ReGL 
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If we suppose that near threshold the spontaneous emission 
S and net optical gain G are approximately linear functions 
of carrier densiti· 8 and use the condition that at threshold 
and above ReGL ;:::; 1, we can show that 
iJ.I Ilo;:::;!(P IVr(iJ.S ISo). 
Here, iJ.I 110 and iJ.S ISo are the fractional changes in I and S, 
respectively, from their value at threshold and P I V is the 
peak to valley ratio of the longitudinal mode intensity in the 
emission spectra. 7S For spontaneous emission modes adja-
cent to the lasing modes, the square root of this ratio can 
have values of the order of 10 or more at threshold and 
above. The percentage reduction [(iJ.I I/) X 100] for the ob-
served intensity at A = 8420 in Fig. 2 is about 30%. This 
corresponds to a dip in the gain spectrum of the order of a 
few percent. 
The dip in the gain spectrum observed by us implies 
that the intraband carrier thermalization time constants at 
energies from which the lasing transition takes place are not, 
as previously assumed, orders of magnitude faster than the 
stimulated recombination times. Once lasing starts and the 
stimulated recombination lifetime starts becoming apprecia-
ble compared to the thermalization time, a small reduction 
in the carriers occupying energy levels immediately higher in 
energy than that giving the lasing transition can be expect-
ed! On the other hand, carriers occupying levels below that 
giving the lasing transition should not be affected. This is 
consistent with our observation that the dip is observed only 
on the high-energy side of the lasing transition. Also, the 
larger the value of the thermalization time, the larger the 
energy range in which the dip should occur should be. Since 
experimentally we are observing larger energy ranges at low-
er temperatures, this would imply that the thermalization 
times are longer at lower temperatures andlor that since at 
lower temperatures the lasing transition takes place lower in 
the band, the thermalization times become longer as one 
moves lower in energy in a band. 
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